1. The characteristics of transport and hydrolysis of twenty-two dipeptides containing basic and acidic amino acids by rat ileal rings were investigated in vitro. The peptides included combinations of basic and neutral, basic and basic, basic and acidic, acidic and acidic, and acidic and neutral amino acids.
5. The results show that more rapid uptake of amino acids from peptides than from free amino acids is not confined to peptides made up of neutral amino acids, and probably occurs with many small peptides. Uptake of lysine and the dicarboxylic amino acids, which are particularly slowly absorbed from free solution, was much greater from several dipeptides than from the free amino acids. The results suggest the importance of mucosal peptide uptake in protein absorption.
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There is a good deal of evidence indicating that mucosal uptake of small peptides plays a significant part in protein absorption (Newey & Smyth, 1959 , 1962 , and the nutritional importance of this mechanism in amino acid transport defects involving the intestine has been demonstrated in Hartnup disease and cystinuria Asatoor, Cheng, Edwards, Lant, Matthews, Milne, Navab & Richards, 1970; Hellier, Perrett & Holdsworth, 1970 ; Asatoor, Crouchman, Harrison, Light, Loughridge, Milne & Richards, 1971 ; Asatoor, Harrison, Milne & Prosser, 1972; Tarlow, Seakins, Lloyd, Matthews, Cheng & Thomas, 1972) . More rapid intestinal transport of amino acids from small peptides than from the equivalent free amino acids, which suggests the importance of mucosal peptide uptake in normal small intestine, has been shown to occur in man and several other mammalian species by many techniques including tolerance tests, the use of tied loops of intestine or intestinal perfusion (Craft, Geddes, Hyde, Wise & Matthews, 1968; Matthews, Craft, Geddes, Wise & Hyde, 1968; Adibi, 1971) , and measurements of uptake or transmural transport by small intestine in vitro (Cheng, Navab, Lis, Miller & Matthews, 1971 ; Rubino & Auricchio, 1971) . However, demonstration of this phenomenon has so far been confined to a very limited number of oligopeptides (Matthews, 1972a) , and with one exception (Holdsworth, 1972) these have been composed of neutral amino acids. It is therefore desirable to know more about the relative rates of mucosal uptake of amino acids from small peptides and from free solution. This paper describes the first part of a survey of the characteristics of uptake of small peptides and the equivalent amino acids by rat small intestine in vitro. It deals with dipeptides containing basic and acidic amino acids. These are of particular interest because some members of the basic and acidic groups (lysine, glutamic acid and aspartic acid) are absorbed exceptionally slowly from mixtures of free amino acids (Adibi, Gray & Menden, 1967) , and because it has been suggested that in man several neutral amino acids and the dibasic amino acids are liberated during digestion rapidly enough to be absorbed in the free form, whereas glycine, threonine, serine, proline, hydroxyproline and the dicarboxylic amino acids may be taken up by the intestinal mucosa as peptides (Nixon & Mawer, 1970; Gray & Cooper, 1971) . The technique used, uptake by everted intestinal rings in vitro, is suitable for a preliminary investigation of a relatively large number of compounds, and has the advantage that the amounts of peptides required are small. Preliminary communications of some of the results have been published (Burston & Matthews, 1972; Matthews, 1972a) .
M E T H O D S Experimental procedure
Many details of experimental procedure were as described by Cheng et al. (1971) . Rings of everted ileum weighing 250-300 g were prepared from male Wistar rats and were taken 30-40 cm from the ileocaecal valve. One ring weighing about 10 mg was used in each incubation flask. Single rather than multiple rings were used because of the rapid rate of hydrolysis. In this way it was possible to keep the concentration of peptides in the medium approximately constant during incubation without using a large volume of medium and uneconomic quantities of peptides.
Incubations with amino acids or peptides were carried out for 10 min at 37°C under 0, in 3 ml of Krebs-Ringer phosphate saline (Cohen, 1957) containing half the standard concentration of calcium, in conical flasks shaken at 140 strokes/min. After removal from the incubation medium the rings were blotted, weighed and eluted for 5 min in 1 ml of 6% (w/v) sulphosalicylic acid at 100°C. Immediately after removal of the ring, 0.5 ml of 6% sulphosalicylic acid was added to the medium which was then heated briefly at 100°C. Eluates and media were centrifuged and supernatants stored at -20°C until analysed.
In all experiments, control observations with rings incubated in phosphate saline alone were carried out to determine the final amino acid content of tissue incubated without substrate, and the concentrations of amino acids appearing in the medium. In nearly all experiments, incubations with peptides and the equivalent amino acids were paired, rings from the same animal being incubated: (a) in phosphate saline alone, (b) in the peptide, and (c) in the equivalent amino acid(s). Unless otherwise stated, mean values for tissue uptake, concentration in intracellular fluid and total hydrolysis represent the results of six incubations carried out with rings from three to six animals.
Total tissue water and extracellular fluid (ECF), determined as described by Cheng et al. (1971) , were 78%+SEM 0.84 (n = 24) and 13.7%+0*53 (n = 8) respectively.
The hydrolytic ability of extracts of homogenized intestine, 'homogenate hydrolysis', was determined as described by Cheng et al. (1971) . The hydrolytic ability of medium in which a ring had been incubated without substrate, 'medium hydrolysis', giving the peptidase activity appearing in the medium during incubation, was determined as follows. A 'blank' incubation was carried out for 10 min in phosphate saline alone, under standard conditions. After removal of the intestinal ring, the medium was centrifuged at 9OOO g for 3 min. Peptide was added to the supernatant at the desired concentration, and a further incubation carried out for 10 min at 37°C. The reaction was then stopped with sulphosalicylic acid, and the liberated amino acids determined. The hydrolytic ability of intestinal homogenates and of incubation medium was expressed aspmol of peptide hydrolysed (g wet wt. of intestine)-' 10 min-'. The mean values given below were obtained from separate determinations carried out on tissue from three to nine animals.
Materials and analytical methods
Amino acids and peptides were obtained from Calbiochem Ltd, the Cyclo Chemical Corporation, the Fox Chemical Co., Koch-Light Laboratories, Schwarz-Mann, and the Sigma Chemical Co. They were determined by ion-exchange chromatography using the Locarte automatic-loading amino acid analyser. For sarcosylglycine, direct measurement was impossible because of the very low colour yield with ninhydrin, and this peptide was measured by the increase in amount of sarcosine (Sar) after acid hydrolysis. Except where otherwise indicated, all amino acids except glycine, whether free or in peptides, were the L-isomers.
Calculation of results
Tissue uptuke of amino acids and peptides. This was calculated from the final tissue content after subtraction of blank values obtained from rings incubated in phosphate saline alone, and expressed as pmol (g wet wt.)-10 min-'. Values for uptake were corrected for amino acids in the ECF on the assumption that all peptide in this space had been hydrolysed at the time of estimation (Cheng et al., 1971); with peptides found intact in the tissue, it was assumed that the peptide in the ECF was unhydrolysed, and the correction was made by subtracting the appropriate amount of peptide from total peptide uptake. In investigations with Glu or Asp or peptides containing these amino acids, values for 'uptake' of amino acids produced by transamination (see the Results section) were not corrected for ECF content, as transamination in the medium was found to be negligible. Final concentrations in intracellular fluid. (ICF = total water-ECF = 64% of final wet wt.) were calculated from final concentrations per g wet wt., after correction for amino acids or peptides in the ECF as above.
Total hydrolysis of peptides. This was calculated from the increase in the constituent amino acids in tissue and medium at the end of the incubation, and expressed as pmol of peptide hydrolysed (g wet wt.)-' 10 min-'. In the case of peptides containing Glu or Asp, amino acids produced by transamination of the products of hydrolysis were taken into account where necessary.
The statistical significance of differences between means was estimated by the t-test, paired or unpaired. All differences referred to in the Results and Discussion sections were significant at P<0.05 or a higher level of significance.
R E S U L T S
Although all peptides studied provided evidence of removal intact from the bulk phase of the incubation medium with cellular hydrolysis, intact peptide was detected in the intestinal tissue in only a few cases, so that uptake was usually represented solely by an increase in free amino acids. In all incubations with peptides, there was an increase in the constituent amino acids in the incubation medium as well as in the tissue. This increase might result from hydrolysis of peptide in the medium, back-diffusion from peptide hydrolysed at the surface of the mucosal cells, or eflux of amino acids liberated by hydrolysis within the cells. The final medium concentrations of these amino acids was low (<0.5 pmol/ml in all cases except that of Ala-Arg). The final concentration of peptide in the incubation medium was not less than 90% of the initial concentration in nearly all incubations with peptides at 2-5 or 5 pmol/ml, and not less than 80% of the initial concentration in all cases. Some of these points are illustrated in Table 1 , which gives the results of experiments with five peptides composed of one basic amino acid and one neutral amino acid and the equivalent amino acid mixtures, and shows final concentrations in medium and ICF in addition to tissue uptake of amino acids and total hydrolysis of the peptides. For the sake of simplicity, subsequent tables give only values for tissue uptake and hydrolysis. Table 1 shows that very large concentration ratios were established between amino acids in ICF and incubation medium during incubation with peptides. For example, after incubation with Lys-Gly, the concentration ratio between Lys in ICF and Lys in the medium was more than 200 : 1. After incubation with the equivalent amino acid mixture, it was about 2 : 1. The final concentrations in ICF are not exactly proportional to uptake, since the initial tissue concentrations of amino acids vary from one amino acid to another. Total hydrolysis of Ala-Arg was greater than that of any other peptide studied, and this was reflected n.e., not estimated.
in the unusually high concentration of free Ala appearing in the incubation medium. The concentration of Arg in the medium could not be estimated in the presence of Ala-Arg or Arg-Ala, as chromatographic separation of this amino acid from the peptides was not adequate. Table 1 shows that uptakes of amino acids from the peptides and the equivalent amino acid mixtures were different. Gly uptake from Gly-Lys was similar to that from the equivalent mixture, but uptake of Lys was greater than from the mixture. Uptake of both amino acids was greater from Lys-Gly than from the mixture, and greater from Lys-Gly than Gly-Lys. Although amino acid uptake was greater from Lys-Gly than Gly-Lys, total hydrolysis of Lys-Gly was only half that of Gly-Lys. Hydrolysis of Lys-Gly (mean 8-2k SEM 2-1 pmol g-10 min-l) in the medium was much less than that of Gly-Lys (48.8k 1.3 pmol g-I 10 min-').
Subtraction of hydrolysis in the medium from total hydrolysis gives an estimate of the amount of peptide hydrolysed by the tissue as distinct from that hydrolysed by peptidase appearing in the medium. Tissue hydrolysis was approximately equal for the two peptides (Lys-Gly 31 and Gly-Lys 35 pmol g-' 10 min-I), in spite of the differences in amino acid uptake. Gly uptake from Arg-Gly was the same as from the equivalent mixture, but Arg uptake was more than twice as great as from the mixture. Uptakes of amino acids from Ala-Arg and Arg-Ala were very similar, uptake of Arg being greater than from the equivalent amino acid mixture, and uptake of Ala less. Table 2 shows uptake of amino acids from peptides composed of basic amino acids and the equivalent free amino acid or amino acid mixture. Uptake of Lys from Lys-Lys (2-5 pmol/ml) was more than double that from the equivalent free Lys (5 pmol/ml). However, uptake of Lys from Lys-Lys (5 pmol/ml) was not significantly different from uptake from the equivalent free amino acid, and was less than from Lys-Lys (2.5 pmol/ml). Uptake of Arg from Arg-Arg was no greater than from the equivalent amino acid at three widely different concentrations of the peptide, and at the lowest concentration was much less. In experiments with Arg-Arg at 2.5 pmol/ml, the mean final concentration of free Arg in the medium was 0.1 1 pmollml. To find out whether uptake of amino acid from this peptide could be explained by its hydrolysis in the bulk phase of the incubation medium followed by uptake of free Arg from this, uptake of Arg was measured from a medium concentration of 0.1 1 pmol/ml free Arg. Uptake of Arg (0.36 pmol g-' 10 min-') was much less than from the peptide (2.1 pmol g-' 10 min-'), so it was concluded that this could not be the explanation and that hydrolysis of the peptide must be largely a cellular process. Uptake of Lys from Arg-Lys was the same as from the equivalent amino acid mixture, and uptake of Arg less. Here again the possibility that uptake of amino acids from this peptide was the result of hydrolysis in the bulk phase of the medium was investigated by measuring uptake from a mixture (Arg, 0.2 pmol/ml+ Lys, 0.2 pmol/ml) containing concentrations similar to the final concentrations of free amino acids in the medium after incubation with the peptide. Since the uptake was less it was concluded that medium hydrolysis could not account for uptake. Determination of medium hydrolysis of Arg-Lys (5 pmol/ml) gave a value of 13.6pmol g-' 10 min-', only about 40% of total hydrolysis, which led to a similar conclusion, showing that most of the hydrolysis occurring in the presence of the tissue must be cellular.
Uptake of amino acids from dipeptides composed of one basic and one acidic amino acid is shown in Table 3 . Here the situation is complicated by the fact that both Glu and Asp undergo extensive transamination in the intestinal wall (Matthews & Wiseman, 1953; Neame & Wiseman, 1957) , Glu yielding Ala and Asp yielding Glu and Ala. This being so it is a reasonable assumption that uptake of Glu is better represented not by uptake of this amino acid alone but by the sum of the uptake of Glu and Ala, and uptake of Asp by the sum of uptake of Glu, Ala and Asp (column 5). The Table shows that uptake of Lys was greater from Glu-Lys than the equivalent mixture, as was that of Glu and Glu+Ala. With Lys-Glu, only uptake of Glu and Glu + Ala were signiilcantly greater than from the mixture. Glu, Glu + Ala and Lys were all taken up to a greater extent from Glu-Lys than Lys-Glu. Uptake of Lys from Lys-Asp was greater than from the equivalent mixture, as was that of Asp (though not that of Glu+ Ala+Asp). Uptake of Lys from Asp-Lys, on the other hand, was no greater than from the equivalent mixture, and uptake of Asp and Glu+Ala+Asp was less. Uptakes of Lys, Asp and Glu + Ala + Asp were greater from Lys-Asp than from Asp-Lys. The possibility that uptake of amino acids from Asp-Lys was the result of hydrolysis in the bulk phase of the medium was excluded (as with Arg-Arg and Arg-Lys) by measuring uptake from a mixture (Asp, 0.25 pmol/ml + Lys, 0.25 pmol/ml) containing amino acid concentrations similar to those found after incubation with the peptide. Uptake of Arg from Arg-Asp was about double that from the equivalent mixture. Though uptake of Asp, as represented by estimation of this amino acid alone, was also greater from Arg-Asp than the mixture, it is unlikely that there was any real difference in uptake of Asp, since uptake of Glu+Ala+Asp was the same. Table 4 shows uptake of amino acids and intact peptide from peptides composed of acidic amino acids, and for comparison with y-Glu-Glu, uptake from some other peptides which are slowly hydrolysed. Column 6 gives total uptake of amino acids in free and peptide form, and the last column homogenate hydrolysis of some of the peptides.
At the lowest concentration of a-Glu-Glu, 0.25 pmol/ml, uptake of Glu+Ala was more than double that from the equivalent free Glu (0.5 pmol/ml), but at higher concentrations of this peptide uptake was no greater than from the equivalent free amino acid. After incubation with Glu (5) a-Glu-Glu (2.5) y-Glu-Glu (2.5)
Asp ( a-Glu-Glu at 2.5 and 5 pmol/ml, the mean final concentrations of free Glu in the medium were 0.38 and 0.41 pmol/ml respectively. Since uptake from a closely similar concentration of free Glu (0.5 pmol/ml) was much less than from a-Glu-Glu (2.5 or 5 pmol/ml) it was concluded that hydrolysis in the bulk phase of the medium could not account for amino acid uptake from these concentrations of the peptide. Hydrolysis of a-Glu-Glu (2.5 and 5 pmol/ml) by intestinal homogenates was much greater than total hydrolysis by intact intestine, suggesting that access of the peptide to the site (or to one of the sites) of hydrolysis is limited in intact tissue. Uptake of amino acids from y-Glu-Glu was very much less than from the same concentrations of a-Glu-Glu or the equivalent free Glu. This peptide was unusual in that small amounts of intact peptide were found in the tissue. The observation that uptake of intact y-Glu-Glu was not significantly greater at 5 pmol/ml than at 2.5 pmol/ml indicates that this was not an artifact due to underestimation of ECF. If the apparent uptake had been due to unhydrolysed peptide in the ECF, it should have doubled at the higher medium concentration. Total hydrolysis and homogenate hydrolysis of y-Glu-Glu were only small fractions of the corresponding values for a-Glu-Glu.
Comparison of the behaviour of y-Glu-Glu with that of three other peptides which are hydrolysed slowly enough for intact peptide to appear in the tissue showed that Gly-D-Val and Sar-Gly were similar to y-Glu-Glu in that uptake of intact peptide was small and uptake of free amino acids very low in relation to uptake of amino acids from the equivalent mixtures. With Gly-Sar, on the other hand, uptake of intact peptide was much greater than from the other slowly hydrolysed peptides and large amounts of free amino acids appeared in the tissue, uptake of Sar and total uptake of amino acids (in free and peptide form) being greater than from the equivalent mixture of free amino acids.
The fact that hydrolysis of Gly-D-Val, Sar-Gly and Gly-Sar by intestinal homogenates was significantly less than by the intact tissue may reflect suboptimal conditions for the determination of hydrolase activity, possibly resulting from dilution of co-factors or a relatively unfavourable pH.
Uptakes of Glu and Asp were both greater from Glu-Asp than from the equivalent amino acid mixture. Owing to the transamination reactions referred to above, it is impossible to say how much Glu or Asp originally appeared in the tissue in each form. Table 5 gives results with peptides composed of one acidic and one neutral amino acid.
Uptake of Glu and Glu + Ala was greater from Glu-Gly and Gly-Glu than from the equivalent amino acid mixture, and greater from Glu-Gly than from Gly-Glu. Uptake of Gly, on the other hand, was not significantly different from Glu-Gly than from the mixture, and was less from Gly-Glu than from the mixture. Uptake of Glu and Glu+Ala was extremely low from the mixture of Glu 5 (pmollml) and Met (5 pmol/ml) when compared with that from Glu (5 pmol/ml alone, Table 4 ). From Met-Glu (5 pmol/ml) uptake of Glu and Glu+Ala was nearly ten times as great as from the mixture. Uptake of Met from Met-Glu was not significantly different than from the mixture. Uptake of amino acids from Glu-Tyr and Tyr-Glu (5 pmol/ml) could not be compared with that from an equivalent mixture because Tyr was insufficiently soluble at this concentration. However, uptake of Glu and Glu+Ala from these peptides was substantially greater than from equimolar Glu alone. Uptakes of Asp and Glu + Ala+Asp were both greater from Asp-Gly than from the equivalent mixture, but uptake of Gly was the same. 
D I S C U S S I O N
The dipeptides investigated included various combinations of basic, neutral and acidic amino acids, i.e. basic and neutral, basic and basic, basic and acidic, acidic and acidic, and acidic and neutral peptides. In addition, three dipeptides made up of neutral amino acids were studied for comparison. All the peptides studied showed evidence of removal intact from the bulk phase of the incubation medium. This evidence was of three kinds, either (1) uptake of one or both amino acids from the peptide was greater than from the equivalent free amino acid or amino acid mixture, (2) unhydrolysed peptide was found in the tissue or (3) the concentrations of free amino acid or amino acids appearing in the medium during incubation with the peptide were too low to account for the observed uptake of amino acid or amino acids from the peptide. Evidence of type (3) was only looked for when evidence of types (1) and (2) was lacking. At least one member of each group of dipeptides showed greater uptake of one or both amino acids from the peptide than from the equivalent free amino acid(s). Excluding y-GluGlu, Gly-D-Val, Sar-Gly and Gly-Sar, all of which are abnormally slowly hydrolysed, eighteen of twenty-one dipeptides showed this phenomenon. Of those which did not show it, Arg-Lys and Asp-Lys were studied at one concentration only. Uptake of Arg from Arg-Arg was less or no greater than uptake from the equivalent free Arg over a wide range of concentrations, and it seems unlikely that uptake from this peptide would be greater than from the amino acid at any concentration. In general, the results strongly suggest the importance of mucosal uptake of dipeptides in protein absorption. They show that relatively rapid uptake of amino acids from peptides is not confined to peptides made up of neutral amino acids, but is probably a common occurrence. It is of special interest that Lys, Glu and Asp, which are absorbed more slowly from amino acid mixtures than any other amino acids (Adibi e l al., 1967) are taken up from several dipeptides more rapidly than from the equivalent mixtures of free amino acids. This provides further evidence that experiments using amino acid mixtures do not give a true picture of the intestinal transport of protein digestion products (Matthews, 1972b) . The results have a bearing on the suggestion that acidic amino acids are largely absorbed as peptides whereas basic amino acids are absorbed in the free form (Gray & Cooper, 1971) . They show that peptides containing basic amino acids, like those containing acidic amino acids, undergo cellular hydrolysis and that basic amino acids as well as acidic amino acids may be taken up more rapidly from peptides than from the equivalent free amino acids.
Few generalizations can be made about relationships between the structure of the peptides and the extent of uptake or hydrolysis. If total uptakes of amino acids in the free form and as unhydrolysed peptide from equimolar (5 pmol/ml) concentrations of peptides are compared, the following descending order is obtained : Gly-Sar, Glu-Lys, Lys-Gly, Lys-Asp, Glu-Gly = Asp-Gly, Glu-Tyr, Glu-Asp, Gly-Glu, Arg-Ala = Lys-Glu, Ala-Arg, Arg-Asp, Tyr-Glu, Asp-Lys, Gly-Lys, Arg-Gly, Met-Glu, a-Glu-Glu, Lys-Lys, Arg-Lys, Sar-Gly, Arg-Arg, Gly-D-Val, y-Glu-Glu. The three peptides made up of two basic amino acids, Lys-Lys, ArgLys and Arg-Arg, showed relatively low uptake (6.1, 4.1 and 3.0 pmol g-' 10 min-' respectively) and so did one of those made up of two a-linked acidic amino acids, a-Glu-Glu (8.5 pmol g-' 10 min-'). Uptake from the other a-linked peptide of two acidic amino acids, GluAsp, was, however, relatively rapid (17-7 pmol g-' 10 min-'). Three peptides with a particularly low total uptake, y-Glu-Glu, Gly-D-Val and Sar-Gly, behaved similarly to each other in that small quantities of intact peptides were taken up, total uptake of free amino acids was less than 1 pmol g-' 10 min-' and total hydrolysis by intact tissue and hydrolysis by intestinal homogenates were both very slow. In contrast, Gly-Sar, though hydrolysed slowly enough for substantial quantities of peptide to be found in the tissue, gave a large uptake of free amino acids and a greater total uptake of free and peptide amino acids than any other peptide studied. This shows that slow hydrolysis with extensive accumulation of peptide in the intestinal wall does not prevent rapid uptake. In the hamster, Gly-Sar can be accumulated by the jejunum against a concentration gradient by an energy-dependent process (Matthews, Burston & Addison, 1972) . The probable interpretation of these findings is that all four of the peptides found in the tissue are transported into the mucosal cells, and hydrolysed intracellularly. The presence of a y-linkage or a D-amino acid, or substitution of one of the hydrogen atoms of the free NH2 group by a methyl group, as in Sar-Gly, all lead to poor transport of peptide in addition to poor hydrolysis. Attachment of a methyl group to the N of the peptide bond in place of hydrogen, as in Gly-Sar, impairs hydrolysis but has no effect on peptide transport. The results suggest several similarities between structural requirements for transport and hydrolysis of peptides in the intestine and in bacteria (Payne, 1971 (Payne, , 1972 )-though in Escherichiu coli, methylation of the a-amino group does not appear to interfere with transport.
The absence of a consistent relationship between total hydrolysis and the extent of uptake of amino acids from peptides is apparent from Tables 1-5 and is well illustrated by the pairs Lys-Gly and Gly-Lys, Ala-Arg and Arg-Ala (Table l) , and Lys-Asp and Asp-Lys (Table 3) . Total uptake from Lys-Gly was about twice that from Gly-Lys, but total hydrolysis of LysGly was only half that of Gly-Lys. The relatively extensive total hydrolysis of Gly-Lys was found to be largely due to hydrolysis in the bulk phase of the medium, and tissue hydrolysis of both peptides was approximately equal. This finding favours the dual hypothesis of uptake advanced by Cheng et ul. (1971) -that uptake of amino acids from most peptides is the result of at least two mechanisms, probably superficial hydrolysis with amino acid uptake, and peptide entry followed by intracellular hydrolysis. If either of these mechanisms were solely responsible, it would be expected that equal tissue hydrolysis of the two peptides would be accompanied by equal uptake of amino acids from them.
An interesting feature of the results is that with several mixed peptides, uptake of the constituent amino acids, A and By is markedly unequal, uptake of A being less than that of B whether the peptide is AB or BA. This effect could be the result of either (1) unequal rates of exit from the cells of amino acids liberated by intracellular hydrolysis or (2) hydrolysis at the surface of the cells or in the medium with uptake of amino acids from free solution-which probably plays an appreciable part in total uptake from many peptides. The second possibility might account for cases in which the amino acid that is relatively poorly taken up from the peptide or peptides is also relatively poorly taken up from the equivalent mixture-eg. Ala-Arg and Arg-Ala (Table 1) or Met-Glu (Table 5) . According to Fern, Hider & London (1969) , competition at the cell surface was the explanation of unequal uptake of amino acids from Gly-Leu and Leu-Gly under similar conditions, and Adibi (1971) reached the same conclusion as the result of investigations with Gly-Leu in man.
Some features of transamination of the dicarboxylic amino acids require discussion. In experiments with free Glu, a substantial proportion appeared in the tissue as Ala (Table 4) . Raising the medium concentration of Glu from 5 pmol/ml to 10 pmol/ml increased the uptake of Glu, but did not increase the amount of Ala appearing in the tissue, which remained at about 2 pmol/ml as though the transamination mechanism were saturated. Evidence that intestinal transamination of Glu could be saturated at high concentrations was previously obtained by experiments in vivo (Neame & Wiseman, 1957) . This limitation in Ala production is probably largely responsible for the fact that with several peptides from which uptake of Glu was relatively great, an example being Glu-Lys (Table 3) , the proportion of amino acid appearing in the tissue in the form of Ala was much less than with free Glu.
In experiments with free Asp (5 pmol/ml), the amount of Glu appearing in the tissue was small, but the amount of Ala appearing (mean 3.5 pmol g-' 10 min-') was significantly greater than in those with free Glu (5 or 10 pmol/ml). In experiments with a mixture of Glu and Asp (5 pmol/ml each) or the peptide Glu-Asp, appearance of Ala in the tissue (6-7 pmol g-' 10 min-') greatly exceeded the maximum production of Ala from free Glu. These findings show that the hypothesis that the intestine produces Ala from Asp by the well-known reaction sequence (Matthews, 1956) :
(1) (Sallach & Fahien, 1969 ).
The present results, which show that mucosal uptake of amino acids is more rapid from many dipeptides than from the equivalent amino acid mixtures, help to explain more fully the observation that tryptic hydrolysates of proteins, consisting largely of small peptides, are absorbed more rapidly than the corresponding amino acid mixtures (Crampton, Gangolli, Simson & Matthews, 1971 ) and the fact that proteins are absorbed much more rapidly than would be expected if they had to undergo complete hydrolysis to amino acids in the intestinal lumen (Fisher, 1954; Crane & Neuberger, 1960) .
